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By Albert E. IluhL and Clinton 'P. Johnson 

A flight  investigation WRS made at alt i tudes from 30,000 fee t  t o  
35,000 feet  t o  determine the uTng loads on the Convdr xF-92A aLrplane 
over  the Lift range of the afrplane at subsonic and transonic speeds. 
The theoretical  Lift-curve  slope f o r  a del ta  wing was calculated and 
c q a r e d  with the f l igh t   da ta   a t  a Mach m e r  of 0.15. 

The wing-panel characteristics display nonlinearities  wlth increaslng 
angle of attack. The wing-panel bendlng-nmoment coefficient  has nonlinear 
characteristics throughout the angle-of-attack  range, whereas the Xing- 
panel normal-force and pitching-moment coefficients become nonlinear at 
the hlgher angles of attack. 
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In the law-lFft regfon, below the decrease In longitudinal  stabil i ty,  
the wlng-panel normal-force and pitching-moment coefficients due t o  angle 
of attack  increase  approximately 20 percent of the low-speed values up t o  
a Mach rimer of 0.83 where the wing reaches i t s  c r i t i c a l  Mach m e r .  
Above the wing c r i t i c a l  Mach nuniber,  Eibrupt changes take  place i n  both 
parameters ~ t h  indications of returning t o  the  level of the low-speed 
values at  the hfghest Mach mmibers tested. The la teral   center  of pres- 
sure is  located f r o m  about 42, percent t o  45 percent of the wing-panel 
semispan f o r  the Mach rimer range of these tests. 

The wing-panel normal-force,  pitching-mEnt, and bending-moment 
coefficients due t o  elevon  deflection, determfned i n  the low-llft regLon, 
decrease with increasing Mach number above a Mach nmiber neez 0.n. 

.. As par t  of the cooperative Air Force-Navy-WA flight  research 
program the National Advisory Conrmittee for  Aeronautics ut i l ized the 
ConvaLr XF-92A d e l t a - w i n g  drplane f o r  f l ight investigations  at  the mAcA . High-Speed. Flight Stat ion  a t  =wards, Calif. 



The primmy purpose of these flight investigations was t o  evaluate 
the handling  qualities, lift and drag characteristics, aerodynamic loads 
and load distribution,  control surface lo&, and buffeting  characteristics. 
During the test  program the flight envelope  of the airplane was extended 
t o  maximum l i f t  and Mach number attainable. Stability  considerations 
necessitated the performance of these t e s t s  at high alt i tudes.  

This paper  presents the  resu l t s  of  the =aswed aerodynamic loads 
on the  wing during trlnd-up turn maneuvers covering the Mach nuniber range 
f’rom stall t o  transonic speede. 

l e f t  wing-panel bending mament about wing-panel s t ra in-  
gage station,  in-lb 

wfng-panel bending-momnt coefficfent, B%l 

variation of wing-pane1 bending-mament coefficient with 
elevon  deflection, per degree, %.heL 

wing-panel bending-moment coefficient  corrected  to  zero 
elevon aefbct ion,  % - (% 1 X 6eL) 

wing-panel pitching-mameat coefficient about quarter chord 
% 

of wlng-panel =an aerodynamic chord, sw Q?-% 

variation of --panel  pitching-moment coefficient wi th  
angle of attack at zero elevon  deflection, per degree, 

%P+ 
a, 

variation of  wing-panel pitching-moment coefficfent  Kith 

elevon  deflection, per degree, -w/4 . 
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%A 
airplane normal-force coefficient, IIW 

3 

left wing-panel normal-force coefficient, - k 

4 2  
% 

crEt' variation of --panel normal-force coefficient with 

%? 
angle of attack at zero elevon deflection, per degree, 

- 
acG 

variation of wing-panel  normal-force coefficient with 

elevon  deflection,  per degree, - % 
.be7 

n eng-panel normal-force  coeff  Fcient  corrected t o  zero 
elevon deflection, - (C%I X &eL) 

w chord at  m y  section, ft 

Ew mean aerodynamic chord of the wing panel, 174.4 tn., 

Left *-panel aerodynamic load, Ib 

free-stream Mach nmiber 

left wing-panel pitching Munent about the quarter chord 
of wing-panel mean aerodynamic chord, in-lk 
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n 

t 

W 

Y 

ycP 

normal-load factor, g units L 

free-stream dynamic pressure, lb/sq ft 

total wlng mea,  including ana projected through f’uselage, 
45.0 B q  ft 

area of left wing panel outboard of strain-gage  station, 
137.1 sq f t  

time, sec 

airplane gross weight, lb 

distance along span, in. 

wing-panel Lateral center-of-pressure Location at zero 
ebvon  deflection,  percent of 1q/2 

indicated angle of attack, deg 

left elevon posftion, deg 

The Convair XF-92A is a semitailless delta-wing airplane having a 
60° sweepback at the leadfng edge of the wing and vert ical   s tabi l izer .  
The wing-elevon collibination and the ver t ica l  tail have a streamvise 
thickness  ratio of 6.5 percent. The elevons and rudder me full-span 
constant-chord surfaces with small unshielded horn balances  near the  
tips.  Control surfaces m e  actuated by a LOO-percent bydrauUc8lly 
boosted system. The airplane has no dive brakes and no leading- or 
trailing-edge  flaps or  s la t s .  

A three-view drawing of the arplane is shown i n  figure 1 and photo- 
graqhs are shown h figure 2. Table  I =st8 the- physical characterist ics 
of the airplane. 
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The XF-92A airplane was equipped with  standard NACA recording 
instruments f o r  recording the following  quantities  pertinent t o  this 
investigation: 

Airspeed 
Altitude 
Normal, longitudinal, and transverse  accelerations 
Pitching angular velocity and acceleration 
R o l U n g  angular velocity and acceleration 
Control  positions 
Angle of attack and angle of sideslFp 

A multichannel  oscillograph was used f o r  recording  strafn-gage outputs. 
A l l  instruments were correlated. by a cammon tims. 

Strain gages were instal led on the wing spas and skln at   the  wing 
root  (approximately 4 inches  outboard of the wing fuselage juncture as 
s h m  in   f ig .  I) t o  measure shear,  bending moment, and torque. The date 
presented i n  this paper have been  corrected  for the ine r t i a  of the a 
and are therefore the a e m m c  loads acting over the wing panel. 
Based  on the  resul ts  of  the  static  calibration and an evaluation  of the 
strain-gage  responses in  f u g h t ,  the estimated  accuracies of the measured 
shear, bending moment, and torque are k300 pounds, 3,000 inch-pounds, 
and k ~ , O O O  inch-pounds, respectively. 

Indicated angle of attack w&s mzasured by a vane Located on the 
nose boom and was corrected only f o r  deflections of the boom. The esti- 
mated accuracy of  the angle-of-attack recorder is f0.50. Accuracies of 
other  pertinent  recorded  quantities  are: 

Machnuuiber, M.. . . . . . . . . . . . . . . . . . . . . . . .  iO.01 
Normal acceleration, n, g units . . . . . . . . . . . . . . . .  f0.m 
Elevon position, EeL, deg . . . . . . . . . . . . . . . . . . .  20.20 
Pitching  velocity, 8 ,  radians/aec . . . . . . . . . . . . . . .  a . 0 2  
Pitching  acceleration, 'B, r&ans/sec2 . . . . . . . . . . . . .  i0.w 

The tests were conducted i n  a clean  configuration with no King . fences  installed on the  airplane. The tests consisted of  longitudinal 
elevon  pulses and uind-up turns over the  Mach number range fram 0.43 
t o  0.95 at alt l tudes from 30,000 f e e t   t o  35;OOO feet. Reynolds nmiber, - 
I 
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based on the u i . ~  mean Eterodyndc chord, varied between 21.7 x 106 
and 48.9 X lo6 for  these  tests.  The center of gravity of the airplane 
varied between 27.2 and 28.7 percent of wing mean aerodynamic chord. 

The wing-panel normal-force, pitching-moment, and bending-moment 
coefficients due t o  elevon  deflection % I ,  C- I ,  and C+ were 
determfned from obrupt  elevon  deflection  meuvers. The King-panel 
coefficients w e r e  determined from the portion of the puLse where the 
surface  deflection  reached approximately maximum value and the airplane 
response t o  the  control  input w a s  m i n i m .  A l l  measuremnts were taken 
before  the angle of  attack had changed more than 1/4O. A change of 
angle of a t tack  of this magnitude would cause estimated errors of about 
30 percent  in C% I azld 20 percent i n  C 1 based on the  values of 

wing-panel  normal-force coefficient and  pitching-moment coefficient due 
t o  angle of attack CnU1 and C%l determined from t h i s  investigation. 

% 

The e r ro r   i n  % I was estimated  to be approxfmately 30 percent. . 
The parameters I and were derived from wind-up turn c% 

maneuvers  by subtracting  the normal-force and pitching-moment coefficients 
due t o  elevon  deflection from the measured data obtained  during  the maneu- 
vers. The resultant normal-force and pitching-momnt coefficfents, 
corrected  to a condition of zero  elevon  deflection, were plotted  againct 
angle of a t tack  and least-squares slopes were calculated  to  yield Q 

a 
and C%'. 

The wing-panel la teral   center  of pressure  for  zero  elevon  deflec- 
t ion  yep KEG determined by dividing the wing-panel bending-mollaent coef- 
f ic ien t  ( CW) 6eL'o by the wing-pane I normal-force coefficient 

RFSULTS AND DISCUSSION 

Data  fram longitudinal  elevon  pulses are shown i n  figure 3 as the 
variation  with time of left  elevon  position, wing-panel normal-force, 
bending-moment,  and  pitching-moment coefficients,  pitching  velocity, 

I 



NACA RM H55Dl-2 - 7 

. 

and angle of attack. From these maneuvers the wing-panel coefficients 
due t o  elevon  deflection C% ' , C q  and % I were determined by 

dividing the measured incremntal  values of wing-panel normal-force 
coefficient, wing-panel pitching-mEnt  coefficient, and uing-panel 
bending-mEnt  coefficient by the corresponding  elevon  deflection. The 
portions of the maneuver used in determining % t ,  sfJ and % 
are indicated by the sol id lines on figure 3. O n l y  this initial portion 
of the maneuver was used i n  order t o  reduce errors caused by a change 
fn angle of attack. 

The parameters C% *, C% t , and % (fig. 4) remain constant 

wfth  increasing Mach number  up t o  a Mach  nuniber of approximately 0.75, 
then  decrease as higher Mach nuxibere are reached. The parameter %' 
changes f r a m  a level of 0.024, over the lower Mach  number range, t o  a 
value of 0.005 at a Mach nuniber of 0.5, while and % * change 

from levels of -0.01 and 0.01 at the lmr  Mach numbers t o  values 
of -0.005 and 0.005, respectively, at a Mach d e r  of 0.5. 

Data from wind-up turns at  representative Mach m r s  are shown 
i n  figure 5 as the variation with tfme of Mach rimer, angulaj: pitching 
acceleration, wing-panel pitching-mmnent, bending-moment, and normal- 
force  coefficients, ~ r p l a n e  normal-force coefficient, l e f t  e lwon 
position, and angle of attack. The XF-92A airplane  experiences a reduc- 
t ion  Fn longitudinal  stabil i ty at the higher angles of attack (ref . I). 
The angle of attack a t  which the reduction  occurs is  shown i n   t he  figures 
by the  ver t ical   l ine  above the curves. During the low-speed turn shown 
i n  figure 5(a) a reduction i n  Longitudinal stEibility WBB not  apparent 
and no vertical line itz shown above the  angle-of-attack  curve. Above 
the angle of attack of the reduction in longi tudinal   s t&il i ty   the aLr- 
plane  experiences relatively lmge pitching  accelerations. 

Figure 6 shows the data of figure 5 88 a €?unction of -le of attack, 
The angle of attack at which the airplane experienced a reduction in lon- 
g i t u d i n e l   s t d i l i t y  is again indicated by the ver t ica l  lines above these 
curves. Tbnlineai  v&ations with angle of attack are apparent i n  the 
wing-panel characteristics  particularly at the higher angles of attack 
above the  reduction in s tabi l i ty .  Nonlineaz variations are also evident 
i n  the airplane  normal-force-coefficient and elevon-position curves. 

To remove the  effects of elevon deflection and evaluate the effect  
of angle of attack on the wing-panel  normal-force- and pitching-momnt- 
coefficient curves, the data of  figure 6 were corrected t o  a condition 
of zero  elevon  deflection  by  using  the  previously  determlned  values 
o f  C% I and 12% '. The variation of the wing-panel normal-force and 

pitching-moment coefficients,  corrected t o  zero elevon  deflection, with 

F 
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angle of attack i s  shown in  f igure 7 with the  angle of attack of the 
airplane  s tabi l i ty  boundary again indicated by the ver t ica l   l ine  above 
the  curves. These curves are essentially =near up to   the angle of  
attack of the  reduction i n  a i rplane  s tabi l i ty  and become nonlinear 
thereafter with irregular  characteristics  occurring  near  the  pitch-up. 
The region above the  reduction  in airplane s t ab i l i t y  is  characterized 
by large angular pitching and rolling  accelerations.  Therefore, it € s  
assumed that  the  corrections applied t o  the data above the s t ab i l i t y  
boundary are not  valid  since  they were obtained by using values  of 

and Cq' measured in  the  low-Uft  region. However, the corrected  data 

indicate  that  at the  higher  angles of attack abrupt changes occur i n  the  
normal-force-coefficient  data caused by ei ther  (2% 1 or  Cnal, w i t h  

similar changes occurring  .in the pitch€ng-mament-coefficient data caused 
by either C or  C%l. Trends similar to  those of the corrected  data 

in   the upper lift region have been reported in  reference 2 from wind- 
tunnel   tes ts  at zero  elevon  deflection of a 6-percent-thick delta-wing 
having 60° Leading-edge  sweepback. In determining  values of C!&' 
and C%' only  the data below the  airplane stability boundary, where 

c%' 

lrtj 

the data are essentially  l inear,  were considered. The values of CN,' 
and C%' f o r  the low-lift region were determined by taking least- 

squares  slopes of  the data in   f igure 7. The slopes  obtained by t h i s  
method are shown on the curves. The values of CGI and obtained 

for the low-lift region from the  slopes drm i n  figure 7 are presented 
i n  figure 8 as the variation of C N ~ '  and C%' with Mach number. 

. 
- 

The parameter CQ' increases  gradually from a value of about 0.045 

at 8 Mach number of 0.47 t o  a value of about 0.053 a t  a Mach number 
of 0.83, followed by a rather dbrupt  increase t o  a peak value of about 
0.062 a t  a Mach number of 0.88.. Thereafter C%' abruptly  decreases 
to about its low-speed value at a Mach number neax 0.91. 

The theoretical  value of the  lift-curve  slope of the wing panel in 
the presence of the fuselage at a Mach  number of 0.75 was calculated by 
the method of reference 3 and is shown in  f igure 8. The results indfcate 
good agreement between the theoret ical  and the  f l ight  values.  

The parameter (fig. 8) shows a similar variation,  increasing 

gradually from a value of  -0.007 at  a Mach  number of 0.47 t o  a value 
of -0.0% a t  a Mach number of 0.83. A more a;brupt increase  in CmcL' 

then takes place  reaching a peak value of about - 0 . O W j  at a Mach  nllmber 



of 0.88. Thereafter C&l decreases t o  a value of about -0.010 at a 

Mach number  of 0.91. The abrupt changes i n  the parameters C N ~ *  and C&l 

near a Mach  number of 0.83 occur  near the wing c r i t i c a l  speed (ref.  4). 

Figure 9 shows the variation of wlng-panel bending-rmnznt coefficient 
asd lateral center of pressure  with KLng-panel normal-force coefficient 
for zero  elevon  deflection at representative Mach numbers. The point of 
reduction of drplane stabiLity is indicated by the ver t ica l  line above 
each of these  curves. All the bending-moment-coefficient curves  display 
a similar trend, a general rounding over throughout the l i f t  range, which 
becomes  more pronounced a t  normal-force coefficients &ove the reduction 
in   a i rplane  s tabi l i ty .  

The general rounding Over of the bending-moment curves i s  reflected 
as a  gradual  inboard movement of the  la teral   center  of pressure  with 
increasing lift. A t  low and moderate l i f t s  the  center of pressure i s  
located from about  42-percent t o  45-percent wing-panel  semispan over the 
Mach  nuniber range of these tests. 

Flight measurements of the  wing Loads on the ConvaLr XF-92A air- 
plane  over the Mach n W e r  range from 0.43 t o  0.95 have indicated the 
following: 

1. The wing-panel characteristics  generally  display  nonllnearities 
with  increasing angle of attack. The wing-panel bending-moment coef- 
f ic ient  has nonJlnear characteristics  throughout  the  angle-of-attack 
range, whereas the wing-panel  normal-force and pitching-moment coeffi- 
cients become nonlinear at the higher  angles of attack. 

2. The wing-panel  normal-force and pitching-moment coefficients 
due t o  angle o f .  attack  Increase approximately X) percent of thefr low- 
speed values up t o  a Mach number of 0.83 where the wing reaches i t s  
c r i t i c a l  Mach number.  Above this Mach e e r  abrupt chsnges tala? place 
in both  parameters with indications of  re turning  to  a level near their 
low-speed values at  the  highest Mach nuuibers tested. The la teral   center  
of pressure is located from about 42 percent t o  45 percent of the wing- 
panel semispan for  the Mach nunher renge of these tests. 



3.  The wing-panel normal-force, pitching-moment, and bending-mmnt . 
coefficients due t o  elevon  deflection,  determined i n  the low-lift  region, 
decrease  with  increasing Mach number &me a Mach nuuiber ne= 0.75. 
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Uhg: 
Area.aqft  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  429 
man. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3r.33 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HAC A 65(&)-006.5 
&ea mrdynanfc c-. ft ............................ 18.- 
Pspectratfo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 
Root chorg. it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  =.13 
mpchora . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

........................... 60 
Incidence. &g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Mhdral (chord plane).  deg ............................ 0 

Taperratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Smspback (leu w). deg 0 

w i n g  panel: 
Area. sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  u7.1 
Bp8n.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150.9 

Fuselage ststion of haaFng edge Of 
Wan aeraaynandc choril. in 1*.4 

me” EerOQ-nmic ChDld. h* .......................... m.29 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

m?wo” 
Area (total o r  both e m  rearward of 

Earn-balsnce area (tatal of batkt eZavema fonWa 
. . . . . . . . . . . . . .  hinge l i m ) .  sq ft 

Of hinge l ine)  sq ft 

‘except at t ip) .  ft . . . . . . . . . . . . . .  
up ..................... 

Aileron. total . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  
span (one ehvaarl. ft . . . . . . . . . . . . . .  
chord (rearaard of b h g e  lint. conatant 

mvtment. atg 
E l w a t o r :  

DaM .................... 
Operation . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  76.19 

. . . . . . . . . . . . . . . . .  1.4 . . . . . . . . . . . . . . . . .  13.3 

3.w . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  rg 

5 
Eyl3raullc 

LO . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
Vert,icnl taik 

Area. a q  it (exposed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E.= 
Bight. sbow hrwlaga center Um. ft ...................... 11.50 

k m  eercdynmdc  chord. in . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1e.5 
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Root cbora. in 251.2 

2.31 

T i P C h o d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
lbperratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bweephsck (IC- -1. deg ........................... 60 

a 

Airfo i l  section .............................. K4cA 65(&)-oos.5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ibupder: 
Area. sq ft ..................................... 15.53 

TraVE1.deg 
9.22 .................................... 3 . 5  

operation ..................................... m a u l i c  

6PM. ft ...................................... 

Fuselage: 
length. S t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42-80 
MaxfmmCU~ter. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-58 

Ponr plant: 
RlRb¶ .......................... AlxEanJ334-239~attarbUrpar 
Rating: 

.. ~ 

atatic thrust at sea -1, ~b ........................ 5 , b  
Static thruat at 688 level vIth aftaib-r. lh . . . . . . . . . . . . . . . .  7. 500 

Xeight: 
Gmss might (560 gal iual). lb .......................... 15. 560 
mqtywsight. lh ................................. E. &9 

. ( lmSE Uei@t (m gal rUaL). 0e-t H.A.C. . . . . . . . . . . . . . . . . . . .  25.5 

w t  or inertia irr pitch. shg-ft2 35. ooo 29.2 

Center-of-grwitg locat.ioas: 

wight. percent K.A.C. ........................... ....................... 
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D 

t 0 5 13.6 - 1 

Figure 1.- A three-view drawing of the XF-92A airplane. All dimensions 
i n  inches. 
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L-87923 
(b) Three-quarter rear view. (c) Overhead front view. 

Figure 2. - Photographs of xF-92~ research airplane. 
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Figure 3.- T h e  histories of longitudinal elevon pulses. - 



15 

(a) M % 0.84. (e) M = 0.9. (f) M %  0.92. 

Figure 3.- Concluded. 
- 
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(a) M * 0.47. 

Figure 5.- Time history of accelerated turn maneuvers for several 
representative Mach nunibers. 
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Figure 5.- Continued. 
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(c) M = 0.83. 

Figure 5. - Continued. 
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Figure 5.- Continued. 
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Figure 5.- Concluded. 
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Figure 6 .  - Continued. 
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Figure 6. - Continued. 



JYACA RM H55D12 

Y 

I I I I I I 
M 

UP 

8, radiansfsec2 

(d) M - 0.91. 
Figure 6 .  - Continued. 
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Figure 6 .  - Concluded. 
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Figure 7.- Variation of wing-panel  normal-force and pitching-mment  coef- 
f ic ien ts  with angle of attack when corrected t o  zero elevon deflection. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 
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Figure 8.- Variation of wing-panel normal-force  curve slope, and static 
stability parameter, with Mach nuniber, determined from the angle-of- 
attack region belox the point of decreased longitudinal s t a b i l i t y .  

- 

- 



5F 

60 

40 

Y C P  

20 

0 . I  .2 .3 9 .5 .6 f 

(a) M ~3 0.47. 

Figure 9.- Variation of wing-panel bending-moment coefficient and l a t e r a l  
'center of pressure with nornrsl-force  coefficient  corrected for zero 
elevon deflection. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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(e) M = 0.93. 

Ffgure 9.- Concluded. 
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